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A COMPLETE TANK TEST OF A ¥ODEL OF A FLYING—BCA&
BULL - N.A.C.A. MODEL 15

By James M, Shoensker
SUMMARY

A model of a 2~step flying-boat hull, of the type zon-
erally used in England, was ftested according to the com— -
Plete metkhod described in N.A.C.A. Technical Note Wo. 464,
The lines of this model were taken from offsets given by
Mr, Wiiliam HMHunro in Flight, Hay 29, 1931, The data cover
the range of loads, speeds, and trim angles that may be of
use in applying the hull form to the dasign of any seg- _
Planes The results sre reduced to nondimensional form to
aid application to design problems and facilitate compari-
son with the performance of other hulls.,

The water characteristics of Model 16 are compared
with those of Kodel 1l-A, which is revresentative of cur-
rent American practice., The resulits show that when %the
two forms are sppiled to a given seapiane design under op-
tinum conditions for each, the perforumzncée of Modsl 16
will be somswhat inferior to that of Model 11-4.

INTRODUCTION

The development of flying boats since the World War
has besen rspid and widespread, Partly because 6f their
military application, exchange of technical information dn
hull forms has been somewhat restricted. 4s a result, the
designeors of the varicus nations have pursued policies of
independent development that have given rise to striking
differences in the lines of flying-bost hulls, Although it
is probavleo that the wabter performance of good eraqples of
the various types will show little differcnce, direct com-
Parisons are not possiblo &t prescnt because of the scar-~
city of published test rosults. Comparison of such ro-
sults as havo been published is unsatisfactory, moreover,
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because the tests have ustvally been made by the hydrovane
method, The difficulty of applylag such test data to a
general study of hull forms, and the advantages of the
complete method of testing, are pointed out in rofereance 1,

As a result of theso considerations, the N.,A.C,A, has
undortaken to test hulls of the warious typos, so that fu-
ture dovolopment may bo concentratecd on tho forms showlng
greatest promise, Unfortunatoly, authontic lincs of good
hulls are still difficult to.odbtain, and any attempt %o
approximate the form of a given hull from such information
as is published may result in a model which i1& not a fair
representative of the type, It is to be hoped that hull
linos and %ost data will be exchanged more freely 1in the
future, to the benefit of all concornsed.

The lines of Hodel 16 were fairod from offsets glvon
in reforonce 2, The hull is Pelicved to bo reoproesontativo
of curront British practicoe, The tests woroc made irn tho
N.4,C.A, tank in Docombor 1932, and Jaanuary 1933,

APPARATUS AND PROCEDURE

MYethod of Test

The equipment of the N.A.C.A. tank is described in de~
tail in reference 3, The purpose and ftechnic of theg come
plete moethod nsed in Testing Model 16 are given in refer-
enco 1, Briefly, this method consists of determlining tho
rosistance, trimming moment, and draft of the model at all
combinations of tho indepondent variables - speed, load,
and trim angle that lle in the useful range for the model
under tests The results can be applled to any seaplans
design with assurance that the hull will operate undor
conditions giving the best performance possibdlo for the
particular form chosen.

Deascription of Modal

The lines of Hodel 16 were obtalned by refalring the
offsets presented by Mr, William MHunro In reference 2,
Offgets taken from these refaired lines ars givon ln table
I, and & drawing of tho principsl lines in figure 1. Tho
.gancral form is that in common usoc in England for largo
flyingwboat hulls, It differs from the form generally used
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in this country in that the forebody is relatively shorter,
putting the step more nearly under the center of buoysncy:
the longer afterbody terminatos in & transverse second step
rather than in the vertical sternpost or pointed step usual
in American designs, The water lines at the bow are &lso
somewhat finer and the foreloot deeper than is usual in
.American practice., - R - oz

The model was made of wood, paintod and rﬁbbed to
glve a smooth surface. Its principal dﬁmensions_are:

Length, over~all, 100,0 1in,

Uaximum beam, . 15,88

Beam at main step, 15,42 "

Depth, C 13,32

Length of fbrébody, 37,61 v . o
Length of afterbody, 39,50

Depth_bf main step., ’ 85 o

Depth of secomd step, i.o?_ [

The model was made to a tolerance of *C,02 inch,
RESULTS

Experimental data.~ The trimming moment and draft of
the model at rest are given in figures 2 and 3 for vari-
ous loads and trim angles, & positive moment is one that
tends to increase the trim angleé, that is, raise the bows
These curves may be used to determine the water line at
rest for any load and locatlion of the center of gravity,-
The moment curves are also useful as a measure of the lon-—
giltudinal stabllity of the hull at rest°

Table II presents the results of the tow1np-uest ]
measurements on the model, These data can bo applied %o
any size of full-scalc hull Dy the conversion factors
implied in Froude's .law, as explained in reference 3., The
oesgential data are Dresented granhically in flguros 4 to Ba

a . P
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- ‘These figures are curves of model r351stance and trimming
moment plotted ‘sagainst speod, with load on the water as a
parameter.' Bach curve sheet gives the characterlstics for
one trim anglo, The conter abott which the momonts are
tdken is shown on tho line drawing (fig. 1)« Tho trim an-
gles are moasurod botwoon tho horlzontal and tho baso 1ino
of the model.

Precision.- The precibion attained in these tosts is
approximately as follows:

Yoad, ' ' ° +0,3 1b,

Resistance, 4 .1 1b.
TrimmiAg moment, %140 1be=ft,
Trim angle, x ,1°
Speed g é‘.l £opas.
Data at bgst t;im ggg;g*.— The difficulties caused by

the large numbér of .variables, when the data are used for
take~off calculatlions, are pointed out in reference 1,
The method outlined in that report for eliminating the
trim angle as a variable has been followed here, It con-
slste of cross-fairing the regsistande against trim angle
to determine the minimum resistance and the best trim an-~
gle, 1.0,, the angle at which the resistance is minimum,
for each specd and load, The nondimonsional coefficients
used in tho presentation of tho characteristlics at tho best
trim angle are defined as follows:

Loéd coefficlent, OA . = =3
w b~
Resistance coefficient, OCp = ﬁf
inks sk . -
Speed coefficien®, Oy = V
where A is the loasd’on the water, 1b,

. ' R, resistance of model, 1lb,
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¥V, s8speed, TeDsSe - ' -
w, welght density of water, 1lb./cu.ft,.

b, beam, ft. ' ' ; ' "

g, 'acceleration of gravity, ft./se'c._“8

The curves of Crp at the best trim angle Tor
plotted against Oy with C/4 as a paramster, are given
in figure 9, The same data are presented in figure 10 as
curves of Or against CA with Oy as a paramoter, The
first mothod of plotting the data gives a clearer concopt
of the behavior of the hull, but the sccond is somowhat
.oasier to use in the take~off calculation, The best trim
angle T4, 'is plotted against .Cy with OCA as a parame~
“ter in figure 11, The dotted line in this figure 1s the
megn value of T, %o be used in the first approximation
..6f the take~off calculation, as was explalined in refer-
-gice le

DISCUSSION

Tegk rgsu;ts.— The curves of resistance and mement at
constant load plotted against spesed (figs, 4-8), show the
usual trends pointed out in reference l. The rise in reé-
sistante in the high-speed range is rather merked for this
model; probably because the large area of the af terbody
causes éxcessive frictional resistance when spray from
the main step strikes it., The moments gt high speeds and
high trim angles, which might be expécted to be seriously
nose-heavy because of the large §eécond step, are in real-
ity of the same order as those for hulls of the American
types Mo difficulty in pulling the socaplane up to a rea-
sonablc angle for take-off is indicated. .

Applicat ign of dgta at best trim ang;e.- Tue applica—
tion of the date for the best trim angles (figs 2=-11l) to
a take-off problem is explained in detsaill in reference 1,
Model 16 may require speocial treastment at vory low spocds
becauso of tho rather high veluo of the best trim angle at
spoods below the hump, Tho pos1t1ve (tail-hoavy) momonts
vhich would have tp: bo apnlicd to roach the bost angle -
would not normally be.availabdlo,, This condition. is aggra-
vated by the fact taal tho best anglo at the hump 1s about
7%, Tho moment hore is positivo (sco fig. 6); henco a
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rathor large nose~hoavy momont must be applied to attain
the best angle, Tho procodure suggosted is to locateo the
center of gravity so that the best trim at the hump can bo
maintalned, and let the angle at -low specds deviate fronm
the best valuwe by the necessary emount. The resulting
tako~off porformance will be only selightly worse than that
which would obtain. if the best angles were held throughout,
because the resistance at lew speeds does not change seri-
ously with changes in trim, and the large amount of excess
thrust in this region is reduced by a relatively small pro—
portlon. :

_ggggrisgn Ei h Model ll-A,~ It has been rointed out

that data from complete tests offer a better basis of com-
parison between hulls of various forms than has been pre-
viously available, N.A.C.A., Model 11-A (reference 4) is a
..good example of current practice in this country; conse-
gquently, a comparison between. 1t and Hodel 16 will give an
indication of the relative advantages of the two types,

As yet, no method of obtaining a figure. of merit for a glven
hull has been found, because of the great number of varia-
bles involved in the spplicatlon to a seaplane design,
Curves of A/R agalnst load coefficient at typlcal wvalues
of speed coefficient, however, give a reasonably good com-
parison. Such curves are shown in figure 12 for liodels 16
and 11l-A, The value of A/R for Model 11l-A lies above
that for Hodel 16 at nearly every point, showlng that a
hull of the form of 1l1~A4 when applied to & glven seaplane
would give a shorter take~off than one using the llnes of
Model 16, Quantitative comparison of the performance of
the two hulls, however, can oanly be made by carrying
through a take—off celculation, because the best size of
hull, and consequently the values of Oy, and CA at a
given speed and load, will be different in the two cases.,
The curves show that the value of A/R for Model 16 18 low
at high speeds and light loads, but that CA at the bump
ecan be made high without serlious reduction in A/R, A hull
using these lines should therefors be relatively small to
g€ive the best compromise. From these considerations the
value of 0Cp, based on the load at the hump speed should
probably be about 0.5 for the first trial,

Genersl] behavyior.~ The spray formation of Model 16 is
shown in the photographs: (fig. 13) for several typlcal con~
ditions., At low speeds and low angles, wlth heavy loads,
.the bow is rather "dirty,% as.is shown in the bow photo-
graph for T = 3° and V = 5,7 f.PesSe At planing speeds
the spray is lighi{ and stays reasonsably low, because of the
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arched sections of the forebody, ﬂurther improvement could
no doubt be. obtained by means of spray strips. The photo-
graphs«for T = 5° ‘and V = 49,2 f.p«s. &how the blister
arising from the maln step and striking the afterbody,
which causes the promounced increase of rosisftance with
gpoccd in $he high-spoed range,

Although no rough-water testis wereo mado to &otormino

" the seaworthidess ¢f -this model, tHé photographs of figure

13 indicate that the seaworthiness will Probadbly be satis-
factory except at taxying speeds, where the heavy bow wave
may result in a wet boat. This condition will bs made
somowhat worse if the high beam lozding and forward loca-
tion of the conter of gravity, which have boon montioncd
a8 nocossary 0 bOSu takc-off per;ormanéo, aré adopﬁed.
The problem of predicting porpoising characteristlcs
fron towing experiments has not been satisfactorily solved.
Tests by the complete method, run at fixed-itrim angles as
they are in the N.A.C.A. %tank, do not glve any indication
of the tendency to porpolse unless 1t ig sufficiently wio~
lent to cause tho model %o oscillate against tho rostraint

-0f tho moment spring. No such btondoney wag observed fobr

Model 16, A thooretical discussion of tho subject of por-
proising is givon in rofoercance 5. Tho authors point out

that towing tosts for tho detoction of porpoising may bo
dofinitely misleading unleose the mass, the moment of inbrtia,
and the aerodynamic surfacos are faithfully roproduced in
the model, Tho oxporimontal difficultics of such proccdure

“are -great, and obviously are gqulto insurmountablo when the

model is intonded for gonoral apvl*cat1on to any soaplano
dosign. It is hopod that furthor work will leosf %o safis-
factory critorions defining tho comnditions. undor which por-
poising may oxist so that the measuromonts may Do made bn
tho model to give tho dssignor.tho data nocossary to avold
such condltions. __

CONCLUBSIONS

The following counclusions may bo &rawn from a compari-
son of tho rosults of Model 16 with those of Modol 1ll-4,
givon in rofcronce 4. However, it should bo borne in mind
that, although the models are probably roprosontative of
tho rospectlvo thes as genorally apoliod, botﬁer examplos
of eitheor typo may exist,
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When the two forms are applied to a given seaplane de-

sign under optimum conditlons for each:

~ "1, The hull of the form of Model 16 will have
higher resistance throughout tho spoed range.- :

. 2. More difficulty will be found in holding
“the bull' of tho form’ of Hodel ‘16 at the best trim an-
g].e., ’ ’

r. .

‘Be The spray tnrown while taxying at low speods
will be greater for Modal 16,

Langley Memorial Aeronautical Laboratory,

1,

-

Nat1onal Advisory Committee for Aeronauticsg
Langley Pield, Va., August 10, 1933,
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TABLE II

Test Data for N.A.0.A. Model No. 16 Flying-Boat Bull
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TABLE II (Continued)
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Teble 3 {Cont'd)

8
860,

83.6 1lb. per ocu.ft.

48° r.

TABLE II (Oontinved)

Water temperature
Tank water density:
Trim angls, v = @°

Test Data for N.A.0.A. Model ¥o. 18 Flying-Boat Hull
Kinematic viscosity = 0,000015
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Figure 1.~ Lines of N.A.C.A. Model No.18
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Figs.2,3,9
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Figure 4.-Model resistance and trimming moment, t = 3°
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Figure 6.~-Model resistance and trimming moment, 1= 7°
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Figure 10. Cr at best trim angle against Cp



R, Vg 1sutede a18ur wrij 3559 1€ U/V 21 2ansig __
= caM/v = VD oS e~
690 G0 ¥0 €0 0 10 0 ¥ |
%0 i
s . m 1.._//
= L0 il
Z =)
s N
/ L ) o w ©
/] 5 Y $
\\ $) -
7 2 __ 1y :
L 4 a
70 [4 W.T £ ™ ot
/I 3 J/ 1o 8
AL Ny ° g L0y W%
v ' o) o ",
S : o
7 4 £ © o )i
\\ / o n, ¥ oo
avaARE o JIII e
/ ",
(xo1ddy) 0371 |, a ,w_ : BT
~ho| g2=f _d o, :\ \ﬁ Ao+
SRR AT e P o s 5 Wi ;
v | v TIPSy Aee > 55\\ 1/ @
0 -— .
2z - Y 9 o 9 \\\\ L A
v o N l.-\l\\\ m 3 \ 74 1]
- ~ > 4 L
s S Rz 74 4
3 D> [
m. L .
£
i .
& V-11 » " ———— g
< 91 ON 19PON ———
© N o) ) © ] ) o
< ~ =
= $32.182p ‘ 9 ‘9ouw}sISaa WnuUTUTN J0F 3(Sue wWraj,




N.A.C.A. Technical Note No.471 Fig. 13

Trim engle 5°. Load 10 1b, Speed 49.2 f.p.s.

Figure 13.-Typical photographs of Model No.l€ under way,



